Abstract. Posicast-based control is a widely used method in vibration reduction of lightly damped oscillatory systems especially in mechanical fields. The target systems to apply Posicast method are the systems which are excited by pulse inputs. Using the Posicast idea, the input pulse is reshaped to a new pulse, which is called Posicast pulse. Applying the generated Posicast pulse reduces the undesired oscillatory manner of under-test systems. In this paper, a fully CMOS Pulse pre-shaper circuit for realization of Posicast command is proposed. Our design is based on delay-and-add approach for the incoming pulses. The delay is done via a modified Schmitt Trigger-like circuit. The adder circuit is implemented by a simple non-binary analog adder terminated by a passive element. Our proposed design has a reasonable flexibility in configuration of time delay and amplitude of the desired pulse-like shapes. The delay is controlled via the delay unit and the pre-shaped pulse's amplitudes are controlled by an analog adder unit. The overall system has 18 MOS transistors, one small capacitor, and one resistor. To verify the effectiveness of recommended method, it is experienced on a real CMOS Op-Amp. HSPICE simulation results, on 0.25u technology, show a significant reduction on overshoot and settling time of the under test Op-Amp. The mentioned reduction is more than 95% in overshoot and more than 60% in settling time of the system.
INTRODUCTION
The characteristics of an amplifier circuit, based on Op-Amps, can be modified by the application of negative feedback. The resulting amplification can be alerted, its stability improved, the magnitude of undesired signals reduced, the bandwidth and operating speed increased, and nonlinearities reduced [1] . However, the benefits of using feedback are accompanied by two main drawbacks. First, the gain of the circuit is reduced in almost direct proportion to the other benefits obtained. This can be solved by adding extra amplifier stages with a consequent increase in hardware cost. The second potential problem associated with the use of feedback is the possibility of oscillation to occur in the system's output [2] . In the Op-Amps, the mentioned oscillatory manner, could be determined by overshoot percent and settling time of the step response of the system.
Two main concepts of control systems are speed and stability that can be assigned in time domain by settling time and the overshoot percent, respectively [3] .
In frequency domain, phase margin is used to determine system stability which has reverse relation with the overshoot percent in time-domain. The relationship of overshoot percent and phase margin with damping ratio ζ is presented in Figure 1 .
According to Figure 1 , the reduction of overshoot leads to the increasing of the phase margin and more stability.
Classical Posicast is a feed-forward control method for lightly damped systems which reshapes the reference input to eliminate the oscillatory response as the characteristic of lightly damped systems. FIGURE 1. Percent overshoot and phase margin as a function of damping ratio [4] Posicast control originally introduced in the late 1950s [5] , [6] and further studied in the early 1960s [7] , [8] . Some of applications of Posicast are as follows: A Posicastbased control method is presented for both buck and boost converters in [9] . In [10] a three step modulation signal shaping compensator is designed and proposed to improve the LC resonant damping in a PWM CSR system. Using Posicast-based controller in DC-DC converters to eliminate the overshoot on their step response is presented in [11] . In [12] - [14] some other applications of Posicast are presented.
In this paper, the idea of using Posicast method in electronic systems, especially Op-Amps, is presented and evaluated. To be able to apply Posicast method on OpAmps, a middle circuit is required to receive the input pulses and generate the Posicast pulse in its output. Therefore, a CMOS pulse shaper circuits is designed to shape the input step pulse to a modified pulse with specific characteristics to be used as Posicast pulse generator. Then, the Posicast pulse is applied on an Op-Amp to show the effect of proposed Posicast method on oscillation reduction of step response of the Op-Amp. The simulation results show a meaningful improvement in both overshoot percent and settling time of the under-test Op-Amp.
The reminder of this paper is organized in the following manner. In section 2, Posicast control theory and concepts are described. The specifications of a desired Posicast pre-shaper for our special work, is mentioned in section 3. Section 3 also includes the verification of Posicast method using MATLAB/SIMULINK and HSPICE, on a typical second-order system and a two-stage Op-Amp, respectively. In section 4, applying the Posicast pulse, which is generated with proposed pre-shaper, on an Op-Amp is evaluated and the simulation results are shown. Finally, section 5 concludes the paper.
POSICAST CONTROL, THEORY AND CONCEPTS
Consider a system with a lightly damped step response as presented in Figure 2 (a)-dashed. The overshoot in the response can be described by two parameters. First, the time to the first peak is one half the period of under-damped response ( d T ). Second, the peak value is described by δ + 1 where δ is the normalized overshoot, which ranges from zero to one.
Posicast divides the step input command into two parts, as presented in Figure 2 (b). The amplitude of first part is scaled so that the first peak of the response precisely reaches the desired final value. The amplitude of the second part of the Posicast input is equal to the amplitude of original step input and has specific delay to precisely cancel the remaining oscillatory response, thus causing the system response to stay at the desired value [15] . The classical Posicast can be modeled using just the two parameters δ and d T . The resulting system output is shown in Figure 2 (a)-solid.
FIGURE 2. (a)
Step response (dashed), Posicast response (solid) (b) Posicast pulse [15] POSICAST PRE-SHAPER CIRCUIT DESIGN
In this work, the target system for applying Posicast pulse is the Op-Amp circuit and regarding that the Op-Amp is experiencing both positive and negative edges in its input, the pre-shaper should shape the input step pulse in both positive and negative edges. The input and modified pulses are shown in Figure 3 . Note that, the Posicast pulse in both positive and negative edges has a low voltage level, a high voltage level, a middle voltage level, and a specific timing between them. The block diagram of proposed pre-shaper is presented in Figure 4 . As seen, the step pulse is delayed by a "delay circuit" and the resulting pulse is added with the original step pulse using an "adder circuit". In this section, the application of Posicast pre-shaper in oscillation reduction is shown in two parts. At first, the proposed Posicast method is applied on a typical second-order system and is simulated with MATLAB. Secondly, the result of using the Posicast pre-shaper on a real Op-Amp circuit is presented which has been simulated with HSPICE.
Verification of Posicast Pre-shaper on a Second-order System
Assume a second-order system with the transfer function shown in Eq. 1. The step response of the system is shown in Figure 6 (Dotted). The system has an oscillation with 50% overshoot and the settling time is 9.7s. According to the Posicast theory, the δ and 2 / d T parameters are 0.50 and 1.6s, respectively. So, the first level of Posicast input signal, based on Posicast theory, should be 0.66 and the time of applying the second level of Posicast input signal should be 1.6s after the first level. Applying of such a signal and the result is presented in Figure 5 and Figure 6 . As shown, the overshoot has been completely canceled and the settling time has been decreased from 9.7s to 1.6s by applying Posicast input.
Verifying the Posicast Pre-shaper on an Op-Amp
To be able to apply the Posicast method on a real Op-Amp, a CMOS Posicast pulse pre-shaper circuit has been designed. The circuit consists of two main parts: the delay circuit and the adder part.
The delay circuit is a fully CMOS structure ( Figure 7 ) based on the modified design of the delay circuit in patent [16] . The original delay circuit gives the required delay to the input pulse but does not make the sharp edges for output pulse. This problem has been solved in modified design by adding a buffer in output. As seen in Figure 7 , the delay circuit is composed of four consecutive inverter stages.
The first and second inverters and the capacitance C between them make the main delay and the third and fourth inverters make sharp edges for the output pulse. The value of capacitor C has a direct relation with the overall delay of the circuit and the main delay generated by the capacitance. Also, the delay of circuit can be controlled by voltage terminals A and B. the delay of positive and negative edges of input pulse can be adjusted separately and accurately by changing the sizing of transistors M7 and M5, respectively. This leads to an accurate delay with independent tuning for the positive and the negative edges. The simulation result of delay circuit ( Figure 7 ) for a step input pulse is shown in Figure 9(a and b) .
There are several methods to add the input and delayed pulse to create the Posicast pulse. For example an Op-Amp in non-inverting topology can do that. But, a real OpAmp has some non-idealities which will affect the adding operation and the result will be undesired. In this work, a simple CMOS circuit is proposed to add the input step pulse and delayed pulse.
The schematic of designed adder circuit is presented on Figure 8 . The current passing from resistor R (which is connected to voltage source (VDD) via three different paths) makes the output voltage. The transistors act as switches that are controlled by the input and delayed pulses. So, when both inputs are low level, all transistors are off and all paths are cut. Therefore the output voltage is in lowest level (zero in this example). When only one of inputs is high level, the resistor is connected to VDD via corresponding path and the output voltage is the middle level of Posicast pulse for positive or negative edge. Finally, when both inputs are high level, the resistor is connected to VDD via all three paths and in this situation the output voltage will be the highest level of Posicast pulse. To realize the adder circuit's operation method, the simulation result of adding step pulse and delayed pulse by adder circuit (Figure 8 ) is shown in Figure 9 (c). Using the proposed adder circuit results several advantages. First, it is a very simple circuit which consists of a few CMOS transistors with proper operation. Second, it has a flexible design which allows users to adjust the middle and high voltage levels of the Posicast pulse separately by changing the sizing of transistors of each path. The other feature of designed adder circuit is that changing the low voltage level of Posicast pulse from zero to a non-zero value is possible with adding an always-connected path from resistor R to VDD. Also, the mentioned non-zero value can be adjusted by changing the related transistor's sizing.
APPLYING POSICAST PULSE ON OP-AMP
The schematic of a two-stage Op-Amp is presented in Figure 10 . The step response of Op-Amp ( Figure 11 ) has undesired vibrations in both positive and negative edges. The overshoot and settling time of positive edge is 25% and 205ns, respectively. Also, the negative edge response, has 24% overshoot with 253ns settling time. To cancel the oscillation, a Posicast pulse is generated by proposed pre-shaper and is applied on OpAmp. The Posicast pulse and the Op-Amp's response to Posicast pulse, is shown in Figure 12 . One can see that, the oscillation is significantly decreased in both positive and negative edges. The overshoot of positive edges is decreased from 25% to 1% and the overshoot of negative edge is reached from 24% to 1%. Also, settling time of positive and negative edges is decreased from 205ns and 253ns to 34ns and 99ns respectively. These results show the effectiveness of Posicast control in vibration reduction of under test Op-Amp. Figure 8 For better comparison, the numerical results of simulating the step response and Posicast response of Op-Amp are presented in Table 1 . 
CONCLUSION
In this paper, an electronic realization of Posicast control system is implemented to reduce vibration in Op-Amps. The effectiveness of using Posicast method on OpAmps has been presented in [17] [18] [19] .
A CMOS pre-shaper circuit is designed to shape the input step pulse into a desired Posicast pulse. The implemented pre-shaper circuit has several freedoms of action to regulate the voltage levels and timings of the Posicast pulse precisely.
The HSPICE simulations of applying the generated Posicast pulse on an Op-Amp show a meaningful reduction in both overshoot and settling time of under test system. The overshoot is reduced in positive edge from 25% to 1% and in negative edge from 24% to 1 % that shows more than 95% improvement. Also, the settling time is decreased from 205ns and 253ns to 34ns and 99ns in positive and negative edges respectively. Obviously, decreasing the overshoot and the settling time leads to more stability and speed of system.
